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SPECIFICATION 

Biaxially oriented polyester film, production method thereof, and 
magnetic recording medium 
Technical Field 

5 This invention relates to a biaxially oriented polyester film 

and a production method thereof. Particularly it relates to a 
biaxially oriented polyester film suitable as a base film for high 
density magnetic recording media and a production method thereof. 
Background Art 

10 Biaxially oriented polyester films are used for various 

applications in view of their excellent thermal properties, 
dimensional stability and mechanical properties , and their 
usefulness as base films, for example, for magnetic tapes is well 
. known. In recent years, base films for magnetic tapes are required 

15 to be further thinner and to allow higher density recording, for 
allowing apparatuses to be reduced in weight and size and for 
allowing recording for longer periods of time . However, a thinner 
film is insufficient in mechanical strength and less firm as a film 
or is likely to be elongated. Therefore, for example, if it is used 

20 for a magnetic tape, the recording track is likely to deviate, and 
the head touch may be worsened to lower the electromagnetic 
conversion properties disadvantageously . Therefore, there are 
more intensive demands for improving such properties as the tape 
elongation def ormation caused by tension , the dimensional stability 

25 in tape use environment, traveling durability and preservabilit:y . 

As base films to respond to the above demands, aramid films 
have been used in view of strength and dimensional stability. 
Aramid films are expensive and disadvantageous in view of cost, 
but they are used since there is not . substitute for them. 
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On the other hand, higher strength polyester films (e.g., 
films Of JP, 42-9270, B, JP, 43-3040, B, JP, 46-1119, B, JP, 46-1120, 
B, JP, 50-133276, A, USP 4226826, etc .) obtained with the prior 
art have many problems to be solved such that (1) the tape is cut 
5 during use, (2) edge damage occurs due to insufficient rigidity 
in the transverse direction, (3) the recording track deviates to 
cause errors during recording and reproduction and (4) because of 
insufficient strength, a thin film cannot be formed and desired 
electromagnetic conversion properties cannot be obtained. For 

10 application as a tape for large capacity high density recording, 
especially the problem of (3) is most important. 
Disclosure of the Invention 

This invention has been achieved as a result of examining to 
solve the above problems of the prior art. 

15 The object of this invention is to provide a biaxially 

oriented polyester film suitable as a base film for high density 
recording media, small in track deviation and excellent in traveling 
durability and preservability, and also to provide a production 
method thereof . 

20 The inventors studied intensively to solve the above problems , 

and as a result, found that if the dimensional change rate of a 
biaxially oriented polyester film in the transverse direction under 
the tension, temperature and humidity conditions assuming a tape 
use environment is kept in a specific range, the magnetic tape 

25 obtained by using the biaxially oriented polyester film can be 
decreased in recording tack deviation and improved in traveling 
durability and preservability . Thus, this invention has been 
completed. 

The object of this invention can be achieved by the following 
30 constitution . 
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(1) A biaxially oriented polyester film, characterized in that the 
dimensional change rate (A) in the transverse direction of the film 
is in a. range of -0.3 to 0% when the film is allowed to stand at 
49*C and 90% RH for 72 hours, while being loaded with 32 MPa in the 

5 machine direction. 

(2) A biaxially oriented polyester film, according to (1) , wherein 
the ratio of the dimensional change rate (A) in the transverse 
direction under the conditions of (1) to the dimensional change 
rate (B) in the machine direction respectively in absolute value 

10 (|A|/|B|) is in a range of 0.1 to 1.0. 

(3) A biaxially oriented polyester film, according to (1), wherein 
the heat shrinkage in the transverse direction at lOO'C is in a range 
of 0 to 0.5%. 

(4) A biaxially oriented polyester film, according to (1) , wherein 
15 the sum of the elastic modulus in the machine direction and that 

in the transverse direction is in a range of 9 to 30 GPa. 

(5) A biaxially oriented polyester film, according to (1) , wherein 
the thickness variation in the machine direction is 5% or less. 

(6) A biaxially oriented polyester film, according to (1), which 
20 contains a poiyether imide. 

(7) A biaxially oriented polyester film, according to (6), wherein 
the content of the poiyether imide is 5 to 30 wt%. 

(8) A biaxially oriented polyester film, according to (7), which 
has a single glass transition temperature. 

25 (9) A biaxially oriented polyester film, according to (1), wherein 
the polyester is polyethylene terephthalate, polyethylene- 2 , 6- 
napthalene dicarboxylate or a copolymer thereof or a modification 
product thereof. 

( 10 ) A biaxially oriented polyester film, according to ( 1 ) , wherein 
30 the half width in the circumferential direction of the diffraction 
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peak of the crystal face in the principle direction of the polyester, 
obtained when the polyester film is revolved around its normal, 
in the crystal orientation analysis by wide angle X-ray 
dif fractometry, is in a range of 55 to 85 degrees. 
5 (11) A method for producing a biaxially oriented polyester film, 
in which a cast film is stretched in the machine direction and in 
the transverse direction, stretched again in the machine direction 
and/or in the transverse direction, and heat set- treated and 
relaxation- treated, characterized by executing the relaxation 
10 treatment in two or more stages at a total relaxation rate of 5 
to 10%. 

(12) A method for producing a biaxially oriented polyester film, 
comprising the steps of stretching a cast film in the machine 
direction and in the transverse direction, stretching at a small 

15 ratio of 1.01 to 1.3 times in the transverse direction at a 
temperature in a range of glass transition temperature (Tg) to Tg 
+ SO'C , and stretching again in the machine direction and/or in the 
transverse direction. 

(13) A method for producing a biaxially oriented polyester film, 
20 in which a cast film is stretched in the machine direction and in 

the transverse direction, stretched at a small ratio of 1.01 to 
1.3 times in the transverse direction at a temperature in a range 
of glass transition temperature (Tg) to Tg + SO'C, stretched again 
in the machine direction and/or in the transverse direction, and 
25 heatset- treated and relaxation- treated, characterized by 
executing the relaxation treatment in two or more stages at a total 
relaxation rate of 5 to 10%. 

(14) A method for producing a biaxially oriented polyester film, 
according to any one of (11) through (13), wherein when the cast 

30 film is stretched in the machine direction and in the transverse 
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direction, it is stretched in two or more stages in the machine 
direction and/or in the transverse direction. 

(15) A magnetic recording medium, using the biaxially oriented 
polyester film as set forth in any one of (1) through (10). 
5 The Best Modes for Carrying Out the Invention 

This invention is described below in detail. 
The polyester used in this invention is a polyester mainly 
composed of an aromatic dicarboxylic acid, alicyclic dicarboxylic 
acid or aliphatic dicarboxylic acid and a diol. 

10 The aromatic dicarboxylic acids that can be used here include , 

for example, terephthalic acid, isophthalic acid, phthalic acid, 
1 , 4-naphthalenedicarboxylic acid, 1 , 5-naphthalenedicarboxylic 
acid, 2 , 6-naphthalenedicarboxylic acid, 4,4'- 

diphenyldicarboxylic acid , 4,4'- diphenyle therdicarboxylic acid 

15 and 4 , 4 ' -diphenylsulf onedicarboxylic acid. Among them, 

terephthalic acid, phthalic acid and 2 , 6-napthalenedicarboxylic 
acid can be preferably used. As the alicyclic dicarboxylic acid, 
for example, cyclohexanedicarboxylic acid can be used. The 
aliphatic dicarboxylic acids that can be used here include, for 

20 example, adipic acid, suberic acid, sebacic acid and dodecanedionic 
acid. One of these acids can be used, or two or more of them can 
also be used in combination. Furthermore, a hydroxy acid such as 
hydroxyethoxybenzoic acid can also be partially copolymerized. 

The diols that can be used here include, for example, ethylene 

25 glycol, 1 , 2 -propanediol, 1 , 3 -propanediol, neopentyl glycol, 
1,3-butanediol, 1 , 4-butariediol , 1 , 5-pentanediol , 1 # 6-hexanediol, 
1 , 2-cyclohexanedimethanol, 1 , 3-cyclohexanedimethanol, 1 , 4- 
cyclohexanedimethanol , diethylene glycol, triethylene glycol, and 
polyalkylene glycol , 2,2' -bis ( 4 ' - j3 - hydroxy e thoxypheny 1 ) propane . 

30 Among them, preferable are ethylene glycol, 1 , 4-butanediol , 



1 , 4-cyclohexanedimethanol and diethylene glycol. Especially 
preferable is ethylene glycol. One of these diols can be used, or 
two or more of them can also be used in combination. 

The polyester may also be copolymerized with another compound . 
5 such as trimellitic acid, pyromellitic acid, glycerol, 
pentaerythritol, 2 , 4-dihydroxybenzoic acid, lauryl alcohol or 
phenyl isocyanate, as far as the polymer is substantially linear. 
As the polyester of this invention, polyethylene terephthalate 
(hereinafter abbreviated as PET), polyethylene -2 , 6- 
10 naphthalenedicarboxylate (hereinafter abbreviated as PEN) or a 
copolymer thereof or a modification product thereof is especially 
preferable. 

It is preferable that the inherent viscosity of the polyester 
used in this invention is 0.55 to 2.0 dl/g, in view of dimensional 

15 stability of film, film forming stability and easiness to knead 
with a polyether imide (hereinafter abbreviated as PEI). A more 
preferable range is 0.58 to 1 . 40 dl/g, and a further more preferable 
range is 0.60 to 0.8 5 dl/g. 

It is preferable that the biaxially oriented polyester film 

20 of this invention contains inactive particles. . The inactive, 
particles can be, for example, inorganic particles such as clay, 
mica, titanium oxide, calcium carbonate, kaolin, talc, wet or dry 
silica, colloidal silica, potassium phosphate, barium sulfate, 
aluminum silicate, alumina or zirconia, organic particles composed 

25 of acrylic acid or styrene, or internal particles precipitated, 
for example, by the catalyst added for polyester polymerization 
reaction. Among them, crosslinked polymer particles, alumina, 
spherical silica and aluminum silicate are especially preferable. 
The biaxially oriented polyester film of this invention can 

30 contain other additives such as thermostabilizer , antioxidant. 
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ultraviolet light absorber, antistatic agent, flame retarder, 
pigment, dye, fatty acid ester and organic lubricant such as wax, 
as far as this invention is not impaired. 

It is preferable that the average particle size of the 
5 inactive particles contained in the biaxially oriented polyester 
film of this invention is 0.001 to 2 Mm. A more preferable range 
is 0.005 to 1 //m, and a further more preferable range is 0.01 to 
0.5 Mm. If smaller than 0.001 Mm, they do not act as surface 
projections of the film, and if larger than 2 Mm, they are likely 

10 to come off as coarse projections unpref erably . 

It is preferable that the content of the inactive particles 
contained in the biaxially oriented polyester film of this invention 
is 0.01 to 3 wt%. A more preferable range is 0.02 to 1 wt%, and 
a further more preferable range is 0.05 to 0.5 wt% . If smaller than 

15 0.01 wt%, they are not effective, for example, for the film traveling 
property unpref erably , and if larger than 3 wt%, they cohere to 
form coarse projects that are likely to come off unpref erably . 

The biaxially oriented polyester film of this invention can 
be of one layer or a laminate structure having two or more layers. 

20 In this invention, a two- layer structure in which a thin layer used 
for improving the traveling property and handling property of the 
film is laminated on one side of a substrate is especially preferable. 
In this case, the substrate refers to the layer with the largest 
thickness, and the other layers are called the laminated portion 

25 in this specification. Physical properties such as elastic modulus 
and dimensional stability said to be important for application to 
magnetic materials are mainly decided by the physical properties 
of the substrate. 

It is preferable that the laminated portion of this invention 

30 satisfies a relation of 0.2 d ^ t ^ lOd, where d is the average 
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particle size of the inactive particles (nm) and t is the thickness 
of the laminated portion (nm) , since pro jections with uniform height 
can be obtained. 

The polyester film of this invention has a feature that the 
5 dimensional change rate (A) in the transverse direction when the 
film is allowed to stand at 49*C and 90% RH for 72 hours, while 
being loaded with 32 MPa in the machine direction is in a range 
of -0.3 to 0%. In this case, the minus means shrinking. -A 
preferable range is -0.25 to 0%, and a further more preferable range 

10 is -0.2 to 0%. 

In recent magnetic tapes for data recording, especially the 
. track deviation due to the dimensional change in the transverse 
direction under the tape use environment is a problem. In the tape 
use environment, for example, the frictional heat with the magnetic 

15 head raises the temperature. The conventional polyester films are 
smaller than -0.3% in dimensional change rate (A), and if the 
dimensional change rate (A) is smaller than -0.3%, shrinking in 
the transverse direction occurs, to cause track deviation. 
Furthermore, in use as a magnetic tape, the traveling durability 

20 becomes poor and dropouts occur frequently to worsen the data 
preservability . If the dimensional change rate (A) becomes larger 
than 0%, wrinkling occurs when the film is processed into a tape. 

In the polyester film of this invention, it is preferable that 
the ratio (|a|/|b|) in absolute value of the dimensional change 

25 rate (A) in the transverse direction under the above conditions 
to the dimensional change rate (B) in the machine direction is 0 . 1 
or more in view of inhibition of tape elongation deformation caused 
by tension and traveling durability. It is preferable that the 
ratio is 1.0 or less, in view of data preservability such as the 
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inhibition of dropouts. A more preferable range is 0.2 to 0.9, and 
a further more preferable range is 0.3 to 0.8. 

In the polyester film of this invention, it is preferable that 
100*0 heat shrinkage in the transverse direction is 0% or more, in 
view of inhibition of wrinkling during tape processing. It is 
preferable that the ratio is 0.5% or less in view of data 
preservability. A more preferable range is 0 to 0 . 4% , and a further 
more preferable range is 0 to 0.3%. 

In the biaxially oriented polyester film of this invention, 
in view of traveling durability, preservability and inhibition of 
track deviation, it is preferable that the sum of elastic modulus 
in the machine direction and that in the transverse direction is 
9 GPa or more. In view of inhibition of tape breaking, it is 
preferable that the sum is 30 GPa or less. A more preferable range 
is 10 to 27 GPa, and a further more preferable range is 11 to 24 
GPa. It is also preferable that the elastic modulus in the 
transverse direction is 4 . 5 GPa or more, in view of the inhibition 
of shrinking in the transverse direction caused by the tension in 
the machine direction. In view of not inhibiting the strength in 
the machine direction, it is preferable that the elastic modulus 
is 13 GPa or less. A more preferable range is 5 to 12 GPa. 

In recent applications, the polyester is especially required 
to be highly uniform in thickness in response to hardware with higher 
performance. In view of smaller variation of physical properties , 
it is preferable that the thickness variation, i.e. , the difference 
between the thick portion and the thin portion of the polyester 
film in the machine direction of the film is 5% or less. More 
preferable is 4% or less, and further more preferable is 2% or less. 
For example for application to magnetic materials, smaller 
thickness variation in the machine direction is preferable also 



in view of higher traveling durability, inhibition of partial 
elongation, and prevention of troubles such as swaying or disordered 
winding in secondary processing such as film coating or certain 
width slitting. 

5 It is preferable that the biaxially oriented polyester film 

of this invention contains a PEI, since the glass transition 
temperature of the film rises and since the dimensional stability 
at high temperatures improves. Especially it is preferable that 
the PEI content of the biaxially oriented polyester film is in a 

10 range of 5 to 30 wt%, since it is easy to keep the dimensional change 
rate in the transverse direction in the range of this invention. 
A more preferable range is 10 to 25 wt%. If the PEI content is in 
the above range, the strength achieved with stretching becomes high 
preferably. Especially when the PEI content is 30 wt% or less, the 

15 film crystallinity becomes large preferably. 

It is preferable that the biaxially oriented polyester film 
containing PEI has a single glass transition temperature (Tg). 
Whether or not the film has a single Tg is adequately judged using 
various analysis methods such as differential scanning calorimetry 

20 analysis and dynamic viscoelasticity measurement. If it is 
difficult to Judge in reference to methods of referring only to 
the solid state properties, a morphological method such as 
microscopic observation can also be used together. When the Tg is 
judged by differential scanning calorimetry analysis , it is 

25 effective to use the temperature modulation method and the high 
sensitivity method. In this invention, the glass transition 
temperature of 5 mJ/g/'C or less in the reversible specific heat 
change detected with differential scanning calorimetry analysis 
is disregarded. In this judgment, if the film has a single Tg, the 

30 film stretchability improves greatly, and the film breaking 
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frequency declines, while uniform stretchability greatly improves , 
allowing a high quality film to be easily obtained. In view of 
dimensional stability at high temperatures , it is preferable that 
the single Tg is 110*0 or higher. In view of film forming stability, 
5 it is preferable that the Tg is 140*0 or lower. A more preferable 
Tg range is 113 to 1370, and a further more preferable range is 
116 to 1340. 

The PEI used in this invention is a polymer containing an 
aliphatic, alicyclic or aromatic ether unit and a cyclic imide group 

10 as recurring units, and is not especially limited as, far as it is 
a melt moldable polymer. For example, a polymer described in US 
Patent No. 4141927 can be used. Unless the effect of this invention 
is impaired, the main chain of the PEI can contain any other 
structural unit than the cyclic imide and ether unit, such as an 

15 aromatic, aliphatic or alicyclic ester unit or oxycarbonyl unit. 

Particularly, as the PEI, the polymers represented by the 
following general formula can be enumerated. 



20 




(where Ri denotes a divalent aromatic or aliphatic residue having 
6 to 30 carbon atoms , and R 2 denotes a divalent organic group selected 
25 from a group consisting of divalent aromatic residue having 6 to 
30 carbon atoms, alkylene group having 2 to 20 carbon atoms, 
cycloalkylene group having 2. to 20 carbon atoms and 
polydiorganosiloxane group chain-terminated by an alkylene, group 
having 2 to 8 carbon atoms.) 
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As the above Ri and R 2 , for example, the aromatic residues 
represented by the following formulae can be enumerated. 



5 -^y~°-^vj^' -Ky-^^y- -^y\~^y~ 

CH 3 




10 

In this invention, in view of compatibility with the polyester, 
cost, and melt moldability, a PEI having a glass transition 
temperature of 350*0 or lower is preferable. More preferable is 
25bX^ or lower. A condensation product between 2 , 2 -bis [ 4- ( 2 , 3- 
1 5 dicarboxyphenolxy ) phenyl ] propane dianhydr ide and m- 

phenylenediamine or p-phenylenediamine having a structural unit 
represented by the following formula is preferable. The PEI is 
available with a trade name of "Ultem" (registered trade mark) from 
General Electric. 

20 



25 or 




30 
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In the polyester film of this invention, it is preferable that 
the halfwidth in the circumferential direction of the diffraction 
peak of the crystal face in the principle direction of the polyester, 
obtained when the polyester film is revolved around its normal, 
5 in the crystal orientation analysis by wide angle X-ray 
dif f ractometry , is in a range of 55 to 85 degrees. The halfwidth 
in the circumferential direction of the diffraction peak of the 
crystal face in the principle direction of the polyester expresses 
the spread of the distribution of crystal orientation of the 

10 polyester film. In view of preventing the tape breaking caused when 
the propagating tear strength of the film becomes small, it is 
preferable that the halfwidth is 55 degrees or more, and in view 
of obtaining a film with high strength in all the orientations in 
the face of the film, it is preferable that the halfwidth is 85 

15 degrees or less. The crystal face in the principle direction of 
the polyester in this case refers to the crystal face with its normal 
closest to the principle direction of the polyester, among the 
crystal faces detected as diffraction peaks by wide angle X-ray 
dif f ractometry , and refers to the (-105) face with PET. A more 

20 preferable halfwidth range is 60 to 83 degrees, and a further more 
preferable range is 65 to 80 degrees. 

In the polyester film of this invention, it is preferable that 
the refractive index (n Z o) in the normal direction of the film is 
in a range of 1.47 to 1.485, and that the planar orientation index 

25 (fn) is in a range of 0.175 to 0.195. If the refractive index (n ZD ) 
in the normal direction of this invention is more than 1.485 and 
the face orientation index (fn) is less than 0.175, then the 
elongation deformation caused by the stress acting on the magnetic 
tape during tape traveling is likely to occur, and track deviation 

30 is likely to occur. Furthermore, if the refractive index (n ZD ) in 
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the normal direction is less than 1.47 and the planar orientation 
index (fn) is more than 0.195, care must be exercised since the 
propagating tear strength of the film becomes small, making tape 
breaking likely to occur. It is more preferable that the refractive 
5 index (n Z D) in the normal direction of the film of this invention 
is „in a range of 1.473 to 1.482, and that the planar orientation 
index (fn) is in a range of 0.18 to 0.193. 

It is preferable that the density of the polyester film of 
this invention is 1.39 g/crn 3 or more, in view of sufficient 

10 structural fixing and tape preservability . In view of maintaining 
the propagating tear strength of the film and inhibiting tape 
breaking, it is preferable that the density is 1.405 g/cm 3 or less. 

In the polyester film of this invention, it is preferable that 
the temperature expansion coefficient ( ft ) is in a range of -5 x 

15 10" 6 to 15 x 10" 6 (/'C) in view of dimensional stability under 
temperature and humidity conditions. In this case, the minus, 
indicates shrinking. A more preferable range is -4 x 10" 6 to 13 
x 10" 6 (/*C'), and a further more preferable range is -3 x 10~ 6 to 
11 x 10 -6 (/X:) . 

20 Furthermore, like the temperature expansion coefficient, it 

is preferable that the humidity expansion coefficient ( jS ) Is in 
a range of -2 x 10" 6 to 15 x 10" 6 ( /%RH) in view of dimensional stability 
under temperature and humidity conditions . A more preferable range 
is -1 x 10" 6 to 13 x 10" 6 (/%RH) , and a further more preferable range 

25 is 1 x 10' 6 to 10 x 10' 6 (/%RH). 

In the biaxially oriented polyester film of this invention, 
it is preferable that the surface roughness Ra A of the film surface 
on one side (surface A) is 3 nm or more in view of reducing the 
friction with the magnetic head, and it is preferable that the 

30 surface roughness is 10 nm or less in view of electromagnetic 
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conversion properties. Furthermore, it is preferable that the 
surface roughness Ra B of the film surface on the other side (surface 
B) is 5 nm or more in view of handling property during processing. 
It is preferable that the surface roughness is 17 nm or less in 
5 view of reducing the transfer caused by the pressure acting when 
the tape is wound. A more preferable Ra A range is 3 to 9 nm, and 
a preferable Ra B range is 6 to 16 nm. A more preferable Ra A range 
is 4 to 8 nm, and a more preferable Ra B range is 7 to 15 rim. 

In the biaxially oriented polyester film of this invention, 

10 it is preferable that the creep compliance after lapse of 30 minutes 
at 50*0 with a load of 28 MPa is in a range of 0.11 to 0.45 GPa" 1 . 
It is preferable that the creep compliance of this invention is 
0.45 GPa" 1 or less, in view of inhibiting the elongation deformation 
of the tape caused by the tension during tape traveling or 

15 preservation and inhibiting the track deviation during recording 
and reproduction. Furthermore, it is preferable that the creep 
compliance is 0.11 GPa" 1 or more in view of inhibiting tape breaking. 
A more preferable creep compliance range is 0.13 to 0.37 GPa" 1 , and 
the most preferable range is 0.15 to 0.30 GPa" 1 . In this case, creep 

20 refers to a phenomenon that the strain increases with the lapse 
of time under a certain stress, and the creep compliance refers 
to the ratio of the strain to the certain stress. 

The track deviation in the transverse direction of the 1/2" 
wide magnetic tape obtained by processing the biaxially oriented 

25 polyester film of this invention and measured under the conditions 
described later is in a range of 0 to 1 Mm, in view of wound tape 
style and inhibition of dropouts. Furthermore, it is preferable 
that the maximum dimensional change width of the magnetic tape is 
in a range of 0 to 3 Mm in view of tape traveling durability and 

30 data preservability . A more preferable track deviation range is 
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0to0.8 tfm, and the most preferable range is 0 to 0,5 jt/m. A more 
preferable maximum dimensional change width range is 0 to 2 Mm, 
and the most preferable range is 0 to 1.5 Mm. 

The biaxially oriented polyester film of this invention can 
5 be preferably used for magnetic recording tapes, capacitors, heat 
transfer ribbons, heat sensitive mimeographic paper, etc. An 
especially preferable application is a high density magnetic 
recording medium for data storage requiring a uniform and fine 
surface pattern. A preferable data recording capacity is 30 GB 

10 (gigabytes) or more. More preferable is 70 GB or more, and further 
more preferable is 100 GB or more. It is preferable that the 
thickness of the base film for the high density magnetic recording 
medium is 3 to 7 Mm. A more preferable range is 3.5 to 6.5 Mm, 
and a further more preferable range is 4 to 6 Mm. 

15 As the magnetic layer for the magnetic tape, for example, a 

thin ferromagnetic metallic film or a magnetic film having a fine 
ferromagnetic metallic powder dispersed in a binder, and a magnetic 
layer coated with a metal oxide can be enumerated. As the thin 
ferromagnetic metallic film, iron, cobalt , nickel or any other alloy 

20 is preferable. As the fine ferromagnetic metallic powder, a fine 
ferromagnetic hexagonal ferrite powder, iron, cobalt, nickel or 
other alloy is preferable. As the binder, a thermoplastic resin, 
thermosetting resin, reactive resin or any of mixtures thereof is 
preferable. 

25 For forming the magnetic layer, either coating method or dry 

method can be adopted. In the coating method, a magnetic powder 
is kneaded with a binder such as a thermoplastic resin, 
thermosetting resin. or ultraviolet curing resin, and the mixture 
is applied and dried. In the dry method, a thin magnetic metallic 
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film is directly formed on a substrate film by vapor deposition, 
sputtering or ion plating, etc. 

In the magnetic recording medium of this invention, a 
protective film may be formed on the thin ferromagnetic metallic 
5 film, since the protective film can further improve traveling 
durability and corrosion resistance. The protective film that can 
be used here include an oxide protective film formed by silica, 
alumina, titania, zirconia, cobalt oxide or nickel oxide, etc., 
a nitride protective film formed by titanium nitride, silicon 

10 nitride or boron nitride, etc., a carbide protective film formed 
by silicon carbide, chromium carbide or boron carbide , etc . , or 
a carbon protective film formed by carbon such as graphite or 
amorphous carbon, etc. 

The carbon protective film is a carbon film formed by 

15 amorphous structure, graphite structure, diamond structure or any 
of mixtures thereof prepared by plasma CVD or sputtering, etc. A 
hard carbon film generally called diamond-like carbon is especially 
preferable . 

Furthermore, for the purpose of further improving the 
20 adhesion to the lubricant given on the hard carbon protective film, 
the surface of the hard carbon film may be treated by an oxidative 
or inactive gas plasma. 

In this invention, to improve the traveling durability and 
corrosion resistance of the magnetic recording medium, it is 
25 preferable to add a lubricant and rust preventive onto the magnetic 
film or protective film. 

The polyester film of this invention is a film obtained by 
highly stretching and orienting a cast film produced by melt -molding 
a polyester resin, by sequential biaxial stretching and/or 
30 simultaneous biaxial stretching, in the machine direction and the 
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transverse direction. The following two methods are preferable 
methods for producing the polyester film of this invention. 

1 . A cast film is stretched in the machine direction and in 
the transverse direction, stretched again in the machine direction 
5 and/or in the transverse direction, and heatset- treated and 
relaxation- treated. The relaxation treatment is executed in two 
or more stages at a total relaxation rate of 5 to 10%. 

The polyester film is heatset- treated as described above, 
uniformly gradually cooled under relaxation, then cooled to room 

10 temperature, and wound. It is preferable that the heatset 
treatment temperature is 190 to 220 C C. A more preferable range is 
205 to 220^. The heatset treatment is to heat-treat a stretched 
film at a temperature higher than the stretching temperature and 
lower than the melting point of the film, for crystallizing the 

15 film. The heatset treatment makes the film flat and thermally 
dimensionally stable. It is preferable that the heatset treatment 
is executed with the film width kept constant , but heatset treatment 
and relaxation treatment can also be executed simultaneously by 
heatset- treating the film with the film relaxed in the transverse 

20 direction. 

Furthermore, it is preferable to cool the film at 40 to 180*0 
with the film relaxed in the transverse direction. 

By keeping the total relaxation rate in the transverse 
.direction at 5% or more, the dimensional change rate in the 

25 transverse direction can be kept in the range of this invention. 
In view of inhibiting the wrinkling by expansion and the thickness 
variation, it is preferable that the total relaxation rate in the 
transverse direction is 10% or less. A more preferable range is 
6 to 9%. As the temperatures of the relaxation treatment in said 

30 two or more stages, it is preferable that the temperature of the 



first stage is in a range of 120 to 180*C # and that the temperature 
in the second and later stages is in a range of 100 to 140*0. It 
is more preferable that the temperature in the first stage is in 
a range of 125 to 160*0, and that the temperature of the second and 
5 later stages is in a range of 110 to 130*0. As for the relaxation 
rates, it is preferable that the relaxation rate in the first stage 
is larger than the relaxation rate in the second and later stages. 
It is preferable that the relaxation rate in the first stage is 
in a range of 3 to 7%, and that the relaxation rate in the second 

10 and later stages is in a range of 1 to 4%. The relaxation treatment 
in these conditions can reduce the residual stress of the film, 
to further inhibit the dimensional change. The relaxation rates 
in the first stage and the second and later stages are the values 
in reference to the film width achieved after final stretching, 

15 and the total relaxation rate is the sum of the relaxation rate 
in the first stage and that in the second and later stages. 

2. A cast film is stretched in the machine direction and in 
the transverse direction, stretched at a small ratio of 1.01 to 
1.3 times in the transverse direction at a temperature in a range 

20 of the glass transition temperature (Tg) to. (Tg) + 50 O, and 
stretched again in the machine direction and/or in the transverse 
direction. The stretching in the transverse direction at a small 
ratio makes the film, likely to be oriented in the transverse 
direction in the later stretching, and allows the dimensional change 

25 rate in the transverse direction in the range of this invention. 
A preferable stretching temperature range is Tg + 5 to Tg + 45*0, 
and a more preferable range is TG + 10 to Tg + 40°C . A more preferable 
stretching ratio range is 1.05 to 1.25 times, and a more preferable 
range is 1.1 to 1.2 times. 
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It is more preferable that the heat set treatment and 
relaxation treatment are executed under the conditions of the above 
1 after stretching under the conditions of the above 2, since the 
physical properties of the biaxially oriented polyester film of 
5 this invention are more likely to be obtained . 

In the above method 1 or 2, when the cast film is stretched 
in the machine direction and in the transverse direction, it is 
preferable to stretch in two or more stages in the machine direction 
and/or in the transverse direction. It is preferable to stretch 

10 -at a temperature (Tl) in a range of Tg to Tg + 60X^ and at a ratio 
of 1 . 2 to 3 . 0 times in the first stage , and to stretch at a temperature 
in a range, of the first stage stretching temperature (Tl) - 10 to 
Tl - 50*C and at a ratio of 1.2 to 4.0 times in the second and later 
stages. It is preferable that the stretching temperature in the 

15 second stage (T2) is kept lower than that in the first stage, since 
the orientation distributions in the machine direction and in the 
transverse direction of the film can be kept small. 

Furthermore, the obtained film is trimmed at the edges and 
wound as a roll, and it is preferable to heat-treat the rolled fill 

20 in a heated hot air oven. It is preferable that the heat treatment 
temperature is in a range of Tg - 10 to Tg - 60^ . A more preferable 
range is Tg -15 to Tg - SS'C, and a further more preferable range 
is Tg - 20 to Tg - 50*0. It is preferable that the heat treatment 
time is in a range of 24 to 360 hours. A more preferable range is 

25 48 to 240 hours, and a further more preferable range is 72 to 168 
hours . 

A particular method for producing a PET film by sequential 
biaxial stretching is described below. However, this invention is 
not limited to or by the following description. 
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At first, according to a conventional method, terephthalic 
acid and ethylene glycol are esterified or dimethyl terephthalate 
and ethylene glycol are ester- interchanged, to obtain bis- /3 - 
hydroxyethyl terephthalate (BHT) . The BHT is transferred into a 
5 polymerization reactor, and heated in vacuum at 280 *C for 
polymerization reaction, to obtain a polyester with an inherent 
viscosity of about 0.5. The obtained polyester is polymerized in 
solid phase under reduced pressure as pellets. For solid phase 
polymerization, preliminary crystallization is executed at a 

10 temperature lower than 180 beforehand, and solid phase 

polymerization is executed at 190 to 250*0 at a reduced pressure 
of about 1 mm Hg for 10 to 50 hours. For letting the polyester 
contains particles, it is preferable that a slurry having the 
particles dispersed in ethylene glycol at a predetermined rate 

15 beforehand is polymerized with terephthalic acid. When the 
particles are added, for example, if the water sol or alcohol sol 
obtained when the particles are synthesized is added without being 
dried once, the particles can be dispersed well. It is also 
effective to mix a water slurry of particles and polyester pellets , 

20 and to knead the mixture into a polyester using a vented double 
screw kneading extruder. As an effective method for adjusting the 
content and number of particles, a highly concentrated particle 
master is prepared according to the above method, and it is diluted 
with a polyester or any other plastic resin or a mixture thereof 

25 substantially not containing particles for adjusting the content 
of particles when the film is formed. Pellets of a polyester 
containing inactive particles at a high concentration are mixed 
with pellets of a polyester not substantially containing particles, 
and the .mixture is dried at 180*0 for more than 3 hours in vacuum 

30 sufficiently, supplied into an extruder heated to a temperature 
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of 270 to 370*0, molten, fed through a fiber stainless steel filter 
and extruded as a sheet from a T die. The molten sheet is 
electrostatically brought into contact with a drum cooled on the 
surface to a temperature of 10 to 40*0, to be cooled and solidified, 
5 for obtaining a substantially non-oriented cast polyester film. 

The cast polyester film is stretched, heatset-treated and 
relaxation-treated under the conditions described in the following 
(1) or (2). 

(1) The cast polyester film is passed over several heating 

10 rolls, to be sufficiently heated, and then stretched in the machine 
direction using the difference in peripheral speed of rolls. It 
is preferable that the stretching temperature is in a range of the 
glass transition temperature (Tg) of the polyester + 30 to Tg + 
70X2 . A more preferable range is Tg + 35 to Tg + 65^3. It is 

15 preferable that the stretching ratio is 3 to 7 times. A more 
pref erable range is 3 . 5 to 6 times . in view of high ratio stretching, 
it is preferable that the stretching temperature is, Tg + 30*0 or 
higher, and in view of obtaining a high elastic film with molecules 
effectively oriented, a stretching temperature of Tg + 70*0 or lower 

20 is preferable. 

Then the obtained film stretched in the machine direction is 
stretched in the transverse direction. For stretching in the 
transverse direction, for example a stenter is used. It is 
preferable that the stretching temperature is in a range of Tg + 

25 10 to Tg + 50*0. A more preferable range is Tg + 15 to Tg + 45*0. 
It is preferable that the stretching ratio is in a range of 3 to 
7 times. A more preferable range is 3 . 5 to 6 times. As in the 
longitudinal stretching, also in the lateral stretching, in view 
of stretching at a high ratio, it is preferable that the stretching 

30 temperature is Tg + 10*0 or higher, and in view of effective 



22 



orientation of molecules, it is preferable that the stretching 
temperature is Tg + 50X^ or lower. 

Furthermore, the film is stretched in the transverse 
direction at a small ratio in the same stenter. It is preferable 
5 that the stretching temperature is in a range of Tg to Tg + 50*0 . 
A more preferable range is Tg •+ 10 to Tg + 40^. It is preferable 
that stretching ratio is in a range of 1.01 to 1.3 times. A more 
preferable range is 1.05 to 1.25 times. The above stretching in 
said temperature range in said small stretching ratio can be 

10 executed also in two or more stages with stepwise heating. Then, 
furthermore, second longitudinal stretching and/or second lateral 
stretching can also be executed. It is preferable that the heatset 
temperature is in a range of 190 to 250*0. A more preferable range 
is 200 to 240^. In the heatset step, stretching to at a ratio of 

15 i to 2 times can be executed in one or more zones. 

Furthermore, it is preferable to cool the film in a 
temperature zone in a range of 40 to 180*C, while being relaxed in 
the transverse direction. In this case, it is preferable that the 
relaxation ratio is in a range of 3 to 7%. A more preferable range 

20 is 3.5 to 6.5%. In view of dimensional stability, it is preferable 
that the heatset temperature is 205*0 or higher and that the 
relaxation rate is 3% or higher. Then, the film is trimmed at the 
edges and wound as a roll. ' ' 

(2) The cast polyester film is at first stretched in the 

25 machine direction. The polyester is passed over sufficiently 
heated several rolls, to be sufficiently heated, and then stretched 
in the machine direction using the difference in peripheral speed 
of rolls. It is preferable that the stretching temperature is in 
a range of Tg to Tg + 60*0, and that the stretching ratio is in a 

30 range of 1.2 to 3 times. A more preferable stretching temperature 
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range is Tg + 15 to Tg + 45*0, and a more preferable stretching ratio 
range is 1.5 to 2.5 times. 

The obtained longitudinally stretched film is in succession 
stretched in the transverse direction. For stretching in the 
5 transverse direction, a stenter is used. It is preferable that the 
stretching temperature (Tl) is in a range of Tg to Tg + 60^ as in 
the previous longitudinal stretching temperature, and that the 
stretching ratio is in a range of 1.2 to 3 times. A more preferable 
stretching temperature range is Tg + 15 to Tg + 45*0, and a more 

10 preferable stretching ratio range is 1.5 to 2.5 times. 

It is preferable that the birefringence (An) of the biaxially 
oriented film obtained like this is in a range of 0 to 0.02. A more 
preferable range is 0 to 0.01. If the birefringence is in the above 
range, a film having mechanical strength balanced between the 

15 machine direction and the transverse direction and excellent in 
heat shrinkage can be obtained. 

The biaxially oriented film obtained like this is again 
stretched in the transverse direction in the same stenter. It is 
preferable that the second stretching temperature (T2) is in a range 

20 of the previous lateral stretching temperature (Tl) - 10 to Tl - 
SOtD, and that the stretching ratio is in a range of 1.2 to 4 times, 
since the film can be stretched moderately to enhance the mechanical 
strength in the transverse direction and since the stretchability 
is good when second longitudinal stretching and third lateral 

25 stretching are executed after the second lateral stretching. A 
more preferable stretching temperature range is Tl t 20 to Tl - 
40*0, and a more preferable stretching ratio range is 2 to 3 times. 
After the lateral stretching, as required, heatset treatment can 
also be executed. Furthermore, the film obtained as described 

30 above is stretched again in the machine direction. It is preferable 



24 



that the stretching temperature (T3) is in a range of - the second 
lateral stretching temperature (T2) to T2 + SO'C , and that the 
stretching ratio is in a range of 1 . 2 to 6 times , since a film suitably 
oriented in the machine direction and balanced between the machine 
5 direction and the transverse direction can be obtained. A more 
preferable stretching temperature range is the second lateral 
stretching temperature (T2) + 5 to T2 + 55*0, and a more preferable 
stretching ratio range is 2 to 5 times . When the second longitudinal 
stretching is executed, it can be executed in one stage or two or 

10 more stages with a temperature gradient, if the stretching 
temperature and ratio are in the above ranges . Furthermore , in this 
invention, the second longitudinal stretching and the third lateral 
stretching can also be executed. In the third lateral stretching, 
it is preferable that the stretching temperature is in a range of 

15 the second longitudinal stretching temperature (T3) to the melting 
temperature (tm) of the polyester - 20*0, and that the stretching 
ratio is 1.05 to 3 times. 

The polyester film obtained like this is heatset- treated 
under relaxation, to have flatness and, thermal dimensional 

20 stability, and uniformly gradually cooled, then cooled to room 
temperature, and wound. It is preferable that the heatset 
temperature is in a range of 190 to 220*0. A more preferable range 
is 205 to 220*0. Furthermore, it is preferable to cool thei film 
in a temperature zone in a range of 40 to 180*0, while being relaxed 

25 in the transverse direction. In this invention, it is preferable 
that the relaxation rate is in a range of 5 to 10% . A more preferable 
range is 6 to 9%. In view of dimensional stability, it is preferable 
that the heatset temperature is 205*0 or higher, and that the 
relaxation rate is 5% or more. Then, the film is trimmed at the 

30 edges, and wound as. a roll. 
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< Methods for evaluating physical values > 

(1) Dimensional change rates (A) and (B) (%) 

Sample size: 100 mm in the machine direction and 30 mm in the 
transverse direction 
5 The above sample was conditioned at 23*C and 65% RH without 

any load for 24 hours, and electrostatically stuck onto a chromium 
mask produced by Dai Nippon Printing Co. , Ltd. , and the length in 
the machine direction (LO L ) and the length in the transverse 
direction (LOw) were measured using an optical microscope. Then, 

10 it was allowed to stand at 49*0 and 90% RH, while being loaded with 
32 MPa in the machine direction, for 72 hours. Seventy two hours 
later, the load was released, and the film was conditioned at 23*C 
and 65% RH, without any load, for 24 hours, to measure the length 
in the machine direction (L1 L ) arid the length in the transverse 

15 direction (Ll w ) . The dimensional change rates in the transverse 
direction (TD) and in the machine direction (MD) were obtained from 
the following formulae: 

Dimensional change rate in the transverse direction (A) (%) = [(Ll w 
- LOw) /LOw] x 100 

20 Dimensional change rate in the machine direction (B) (% = [(L1 L - 
LO L )/LO L ] x 100 

Dimensional change rate ratio = |a|/|b| 

( 2 ) Heat shrinkage 

Measured according to J IS C 2318. 
25 Sample size: 10 mm wide, distance between two gauge marks 150 mm 
Measuring conditions: lOOt^, treatment time 30 minutes , no load 

The 100*0 heat shrinkage was obtained from the following 
formula: 

Heat shrinkage (%) = [(L 0 - L)/L 0 ] x 100 
30 L 0 : Distance between gauge marks before heat treatment 
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L: Distance between gauge marks after heat treatment 

(3) Elastic modulus 

Measured according to the method specified in ASTM D 882, 
using an Instron type tensile tester under the following conditions . 
5 Measuring instrument: Automatic film strength and elongation 
measuring instrument, "Tensilon AMF/RTA-100" produced by Orientec 
K.K. 

Sample size: 10 mm wide, test length 100 mm 
Tensile speed: 200 mm/min 
10 Measuring environment: 23*C, 65% RH 

(4) Thickness variation in the machine direction (%) 

Film thickness tester KG601A and electronic micrometer K306C 
produced by Anritsu Corp. were used to continuously measure the 
thickness of the film sampled with a width of 30 mm and a length 
15 of 2 m in the machine direction of the film. The thickness variation 
was measured in the direction of first stretching. The film was 
fed at a speed of 3 m/min. From the maximum value T max (//m) and 
the minimum value T min (Mm) in 2 m lengths, 

20 Was obtained, and from R and the average thickness T ave (Urn) of 2 
m lengths. 

Thickness variation (%) = (R/T ave ) x 100 
was obtained. 

(5) Half width in the circumferential direction of the diffraction 
25 peak of crystal face of film, according to wide angle X-ray 

dif f ractometry 

An X-ray dif f ractometer (Model 4036A2 (tube type) produced 
by K.K. Rigaku Denkisha) was used to measure under the following 
conditions according to the dif f ractometer method. 
30 X-ray dif f ractometer 
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X-ray source: CuK array (using Ni filter) 
Output: 40 kV, 20 mA 
Goniometer: Produced by K.K. Rigaku Denkisha 
Slit: 2 nun <J>-1° -1° 
Detector: Scintillation counter 

Counting recorder: Model RAD-C produced by K.K. Rigaku 
Denkisha 

At the diffraction peak position of the crystal face obtained 
by 29/6 scan, samples cut out in 2 cm x 2 cm and overlaid in regular 
direction and the counter were fixed, and the samples were rotated 
in plain, to obtain a profile in the circumferential direction ( ]3 
scan). Of the peak profile obtained in /3scan, with the troughs 
at both the ends of the peak as background, the half width (deg) 
of the peak was calculated. . 

(6) Temperature expansion coefficient (/"C) 

A 4 mm wide film sample was set to have a test length of 15 
mm in TMA TM-3000 and heat control section Ta-1500 produced by Shinku 
Riko K.K. The film was loaded with 0.5 g at 15% RH, and the 
temperature was raised from room temperature (23*0) to SO'C and once 
returned to room temperature. Then, again the temperature was 
raised from room temperature to 50 *C . At this time, the 
displacement (Al Mm) of the film from 30*0 to 40^ was measured, 
and the temperature expansion coefficient was calculated from the 
following formula. 

Temperature expansion coefficient (/*C) = ( Al/15 x 10 3 )/(40 - 30) 

(7) Humidity expansion coefficient (/% RH) 

A 10 mm wide film sample was set in a tape elongation tester 
produced by Okura Industry, to have a test length of 200 mm, and 
the humidity was changed from 40% RH to 80% RH at 30*0. The 
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displacement .( AL mm) was measured, and the humidity expansion 
coefficient was calculated from the following formula. 
Humidity expansion coefficient ( /%RH) = ( Al/200 ) / ),( 80 - 40) 

(8) Density (g/cm 3 ) 

5 According to the density gradient tube method of JIS K 7112, 

the density of the film was measured using a sodium bromide aqueous 
solution. 

(9) Refractive index and planar orientation index (fn) 

The refractive index was measured according to the method 
10 specified in JIS K 7105 , using an Abbe ref ractometer Model 4 produced 
by K.K. Atago, using a sodium D-line as the light source. As the 
mount liquid, methylene iodide was used to measure at 23*C and 65% 
RH . 

The planar orientation index (fn) was obtained from the 
15 following formula using respective refractive indexes. 
Planar orientation index (fn) = (n*© + n TD )/2 - n 2 D 

n*©: Refractive index in machine direction 

n T p: Refractive index in transverse direction 

n Z DS Refractive index in normal direction 
20 (10) Glass transition temperature Tg, melting temperature Tm 

Specific heat was measured according to the pseudo isothermal 
method using the following instrument and conditions , and the 
respective temperatures were determined according to JIS K 7121. 
Instrument : Temperature modulated DSC produced by TA Instrument 
25 Measuring conditions 

Heating temperature: 270 to 570 K (RCS cooling method) 

Temperature calibration: Melting points of highly pure indium 
and tin 

Temperature modulation amplitude : ± 1*C 
30 Temperature modulation period: 60 seconds 
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Temperature rise step: 5 K 
Sample weight: 5 mg 

Sample container: Open container made of aluminum (22 mg) 
Reference container: Open container made of aluminum (18 mg) 
5 The glass transition temperature was calculated from the 

following formula: 

Glass transition temperature = (Extrapolated onset temperature + 
Extrapolated end temperature) /2 

(11) Inherent viscosity 

10 Calculated from the following formula, using the solution 

viscosity measured in orthochlorophenol at 25*0. 
7} sp /C = [7)]+K[77] 2 -C 

where 7? sp = (solution viscosity/solvent viscosity) - 1: C is 
the weight of the polymer dissolved per 100 ml of the solvent (g/100 
15 ml, usually 1.2); and K is Hunggins ' constant (0.343). The solution 
viscosity and the solvent viscosity were measured using an Ostwald 
viscometer in dl/g. 

(12) Creep compliance 

A 4 mm wide film was sampled, and set in TMA TM-3000 and heating 
20 control section Ta-1500 produced by Shinku Riko K.K. , to have a 
test length of 15 mm. At 50*0, the film was loaded with 28 MPa, 
and kept in that state for 30 minutes. The displacement ( Al U 
m) of the film in this case was measured, and the creep compliance 
was calculated from the following formula. 
25 Creep compliance (GPa -1 ) = (Al/15 x 10 3 )/(28 x 10" 3 ) 

(13) Traveling durability and preservability of magnetic tape 

The polyester film of this invention was coated on the surface 
with a magnetic coating material with the following composition, 
to have a coating thickness of 2.0 lira, magnetically oriented and 
30 dried. Then, on the other side, it was coated with a back coating 
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layer with the following composition, and calendered, being cured 
at 60*C for 48 hours. The tape was slit into a 1/2" wide magnetic 
tape, and the tape with a length of 670 m was installed in a cassette, 
to make a cassette tape. 

(Composition of magnetic coating material) 



Ferromagnetic metallic powder 

Modified vinyl chloride copolymer 

Modified polyure thane 

Polyisocyanate 

Stearic acid 

Oleic acid 

Carbon black 

Alumina 

Methyl ethyl ketone 

Cyclohexanone 

Toluene 



100 parts by weight 
10 parts by weight 
10 parts by weight 
5 parts by weight 
1 . 5 parts by weight 
1 part by weight 
1 part by weight 
10 parts by weight 
75 parts by weight 
7 5 parts by weight 
75 parts by weight 



(Composition of back coating layer) 

Carbon black (average particle size 20 nm) 95 parts by weight 
Carbon black (average particle size 280 nm) 10 parts by weight 



a -alumina 

Modified polyur ethane 

Modified vinyl chloride copolymer 

Cyclohexanone 

Methyl ethyl ketone 



0 . 1 part by weight 
20 parts by weight 
30 parts by weight 
200 parts by weight 
300 parts by weight 
100 parts by weight 
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Toluene 

The produced cassette tape was driven to travel for 100 hours 
using DLTIV Drive produced by Quantum, and the traveling durability 
of the tape was evaluated according to the following criterion. 
O: Elongation at edges of tape and bending were not found, and no 
abrasion mark was observed. 
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A: Elongation at edges tape and bending were not found, but some 
abrasion marks were observed. 

X: Edges of tape partially elongated, and deformation like tangle 
and abrasion marks were observed. 
5 The cassette tape in DLTIV Drive produced by Quantum had data 

read and was stored in 49*C 90% RH atmosphere for 100 hours, and 
the data were reproduced. The tape preservability was evaluated 
according to the following criterion. 

O: Without any track deviation, data could be normally reproduced. 

10 A: Though the tape width was normal, some data could not be read. 
X: The tape width changed, and data could not be read. 
(14) Track deviation and maximum dimensional change width 

The cassette tape prepared as above was driven to travel under 
the following conditions 1 through 5 in sequence, and the 

15 dimensional change in the transverse direction was read each time. 
The maximum dimensional change width and the track deviation caused 
by traveling were obtained. The dimensional change in the 
transverse direction was measured in reference to the change of 
the distance (about 1.5 mm) from the servo to the tape. The initial 

20 distance from the servo to the tape at 20*C and 50% RH was expressed 
as LO ( Mm) , the distance from the servo to the tape after traveling 
under the following condition 3, as LI (Aim), and the distance from 
the servo to the tape after traveling under the following condition 
5 , as L2 ( Mm) . 

25 Track deviation (Mm) = |L0 - L2 j 

Maximum dimensional change width (Mm) = | L0 - LI | 
Condition 1: 20*C, 50% RH, tension 85 g, 3 times of traveling 
Condition 2: 20*0, 50% RH, tension 140 g, 3 times of traveling 
Condition 3: 40*0, 60% RH, tension 140 g, 100 times of traveling 

30 Condition 4: 20*C, 50% RH, tension 140 g, 3 times of traveling 
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Condition 5: 20*0, 50% RH, tension 85 g, 3 times of traveling 

(15) Suitability of film for processing 

While a film wound with a width of 500 mm was unwound from 
an unwinder, it was supplied at a feed rate of 20 m/min to an oven 
5 treatment device produced by Inoue Kinzoku Kogyo Co., Ltd., 
heat-treated at 180*0, and wound with a length of 100 m. 
A wound film that projected by more than 10 mm at an edge and became 
irregular due to swaying, etc. was expressed as X. A film, in which 
edge projection was 5 mm to 10 mm or in which wrinkling was observed 
10 during processing though the edge projection was less than 5 mm, 
was expressed as A. A film, in which edge projection was less than 
5 mm while no wrinkling was observed during processing, was 
expressed as O. 

(16) Electromagnetic conversion properties (C/N) 

15 The film was coated on the surface with a magnetic coating 

material and a non-magnetic coating material with the following 
compositions doubly using an extrusion coater (the upper layer was 
formed with the magnetic coating material, to have a coating 
thickness of 0.1 Urn, and the lower layer formed with the non- 
20 magnetic layer was adequately changed in thickness), magnetically 
oriented and dried. Then, on the other side, the film was coated 
with a back coating layer with the following composition, calendered 
by a small test calender (steel/nylon, 5 stages) at 85*0 at a. linear 
pressure of 200 kg/cm, and cured at 60*0 for 48 hours. The tape 
25 was slit with a width of 8 mm, and a pancake was prepared. The 
pancake with a length of 200 m was installed in a cassette, to make 
a cassette tape. 

(Composition of magnetic coating material) 

Ferromagnetic metallic powder 100 parts by weight 

30 Sodium sulfonate modified vinyl chloride copolymer 
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10 parts by weight 
10 parts by weight 
5 parts by weight 
1*5 parts by weight 
1 part by weight 
1 part by weight 
10 parts by weight 
75 parts by weight 
7 5 parts by weight 
75 parts by weight 



Sodium sulfonate modified polyurethane 
Polyisocyanate 
Stearic acid 
5 Oleic acid 
Carbon black 
Alumina 

Methyl ethyl ketone 
Cyclohexane 
10 Toluene 

(Composition of non-magnetic under coating material) 
Titanium oxide 100 parts by weight 

Carbon black 10 parts by weight 

Sodium sulfonate modified vinyl chloride copolymer 
15 10 parts by weight 

Sodium sulfonate modified polyurethane 
Methyl ethyl ketone 
Methyl isobutyl ketone 
Toluene 

20 (Composition of back coating layer) . 

Carbon black (average particle size 20 nm) 95 parts by weight 
Carbon black (average particle size 280 nm) 10 parts by weight 
a -alumina 0.1 part by weight 

Zinc oxide 0.3 part by weight 

25 Sodium sulfonate modified vinyl chloride copolymer 

30 parts by weight 

Sodium sulfonate modified polyurethane 
Cyclohexarione 
Methyl ethyl ketone 
30 Toluene 



10 parts by weight 

30 parts by weight 

30 parts by weight 

30 parts by weight 



20 parts by weight 

200 parts by weight 

300 parts by weight 

100 parts by weight 
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The C/N of this tape at 7 MHz ± 1 MHz was measured using a 
commercially available VTR for Hi8 (EV-BS3000 produced by Sony 
Corp. ) . The C/N was compared with that of a commercially available 
MP video tape for Hi8 , and ranked as follows . 
.5 +3 dB or more: ® 

+1 dB to less than +3 dB: O 
Less than +1 dB: X 

More particular examples of this invention are described 

below. 
10 Example 1 

Extruders A and B were used. The extruder A heated to 280^ 
was supplied with pellets of PET- 1 (inherent viscosity 0.62, glass 
transition temperature 77^, containing 0 .38 wt% of spherical silica 
particles with an average size of 0.3 Mm) dried beforehand in vacuum 

15 at 180*0 for 3 hours. The extruder B similarly heated to 2800 was 
supplied with pellets of PET- II (inherent viscosity 0.62, glass 
transition temperature 17 V,, containing 0 .9 wt% of spherical 
crosslinked polystyrene particles with an average size of 0.3 U 
m and 0.1 wt% of spherical crosslinked polystyrene particles with 

20 an average size of 0.8 ttm) dried beforehand in vacuum at 180*0 for 
3 hours. Molten PET-I and PET-II were joined in a T die, and the 
mixture was electrostatically brought into contact with a cast drum 
with a surface temperature of 25*0, to be cooled and solidified, 
for obtaining a cast laminate film with a lamination thickness ratio 

25 of PET^I/PIT-II = 15/1. The cast laminate film was stretched under 
the conditions shown in Table 1. At first, it was stretched in the 
machine direction (MD stretching 1) using a longitudinal stretcher 
having several heating rolls (surface material: silicone rubber) 
disposed, using the difference in spherical speed of the rolls, 

30 and cooled.. The film was introduced into a stenter, being held at 
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both the edges with clips, and stretched in two stages in the 
transverse direction (TD stretching 1-1 and 1-2) . Furthermore, the 
film was heated by heated metallic rolls and stretched in the machine 
direction in two stages using a longitudinal stretcher (MD 
5 stretching 2-1 and 2-2). Then, it was introduced into a stenter, 
being held at both the edges with clips, and stretched in the 
transverse direction in two stages (TD stretching 2-1 and 2-2). 
In succession, it was heatset-treated at 210*0, relaxation- treated 
at a relaxation rate of 5.0% in the transverse direction in a 150*C 

10 cooling zone, further relaxation- treated at a relaxation rate of 
2.0% in the transverse direction in a 100*0 zone, then gradually 
cooled to room temperature, and wound. The film was adjusted to 
have a thickness of 4.3 Urn by adjusting the extrusion. The surface 
roughness Ra A of the obtained film was 8 (Mm). 

15 Table 1 shows the film production conditions, and Tables 2 

and 3 show the properties of the obtained film. As shown in Table 
3,. the obtained film was excellent in traveling durability, 
preservability , creep compliance, track deviation, maximum 
dimensional change width, processing suitability and 

20 electromagnetic conversion properties. 
Comparative Example 1 

A biaxially oriented polyester film was produced as described 
for Example 1, except that the heatset treatment conditions and 
the relaxation treatment conditions were changed. 

25 Table 1 shows the film production conditions, and Tables 2 

and 3 show the properties of the obtained film. Since the heatset 
treatment and the relaxation treatment were insufficient, any film 
in conformity with this invention could not be obtained. The 
obtained film was poor in traveling durability, preservability. 
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track deviation, maximum dimensional change width, processing 
suitability and electromagnetic conversion properties * 
Examples 2 and 3 

As described for Example 1, a cast laminate film was obtained. 
5 ^The cast film was stretched under the conditions shown in Table 
1. At first, it was heated and stretched in the machine direction 
(MD stretching 1) with a group of heating rolls (surface material: 
silicone rubber), and cooled. The film was introduced into a 
stenter, being held at both the edges with clips, and stretched 

10 in the transverse direction (TD stretching 1). Furthermore, the 
film was heated with heated metallic rolls and stretched in the 
machine direction using a longitudinal stretcher (MD stretching 
2), and further introduced into a stenter, being held at both the 
edges with clips, then being stretched in the transverse direction 

15 (TD stretching 2). Then, as described for Example^!, it was 
heatset -treated and relaxation -treated at the temperatures shown 
in Table 1, to obtain 4.. 3 Urn thick biaxially oriented polyester 
films. 

Table 1 shows the film prpduction conditions, and Tables 2 
20 and 3 show the properties of the obtained films. As shown in Table 
3, the obtained films were excellent in creep compliance, track 
deviation, maximum dimensional change rate, traveling durability, 
preservability, processing suitability and electromagnetic 
conversion properties. 
25 Comparative Examples 2 and 3 

Biaxially oriented polyester films were produced as described 
for Example 2, except that heatset treatment conditions and 
relaxation treatment conditions only were changed in Comparative 
Example 2, and that stretching conditions, heatset treatment 
30 conditions and relaxation treatment conditions were changed without 
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executing MD stretching 2 and TD stretching 2 in Comparative Example 
3. 

Table 1 shows the film production conditions and Tables 2 and 
3 show the properties of the obtained films. 
5 Since heatset treatment and relaxation treatment were 

insufficient, any films in conformity with this invention could 
not be obtained. The obtained films were poor in traveling 
durability, preservability , track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 

10 conversion properties. 
Examples 4 and 5 

A cast laminate film was obtained as described for Example 
1, except that PEN- I (inherent viscosity 0.67, glass transition 
temperature 120^ , containing 0.38 wt% of spherical silica 

15 particles with an average size of 0 . 3 Mm) was used instead of PET- 1 , 
and that PEN-II (inherent viscosity 0.67, glass transition 
temperature l^o'C , containing 0.9 wt% of spherical crosslinked 
polystyrene particles with an average size of 0.3 Mm and 0.1 wt% 
of spherical crosslinked polystyrene particles with an average size 

20 of 0 . 8 Mm) was used instead of PET-II . Biaxially oriented polyester 
films with a thickness of 4.3 Mm were obtained according to the 
conditions shown in Table 1 as described in Example 2 , except that 
TD stretching 2 was not executed in Example 4 and that MD stretching 

2 was not executed in Example 5 . 

25 Table 1 shows the film production conditions, and Table 2 and 

3 show the properties of the obtained films. As shown in Table 3, 
the obtained films were excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 

30 conversion properties. 
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Comparative Examples 4 and 5 

Biaxially oriented polyester films were obtained as described 
for Example 4 in Comparative Example 4, and as described for Example 
5 in Comparative Example 5 , except that the heatset temperature 
5 and the relaxation treatment conditions were changed. 

Table 1 shows the film production conditions, and Tables 2 
and 3 show the properties of the obtained films. 

Since the heatset treatment and the relaxation treatment were 
insufficient, any films in conformity with this invention could 
10 not be obtained. The obtained films were poor in traveling 
durability, preservability , track deviation, maximum dimensional 
change, width, processing suitability and electromagnetic 
conversion properties . 
Example 6 

15 A cast laminate film was obtained as described for Example 

1 . The cast film was introduced into a simultaneous biaxial 
stretching stenter, being held at both the edges with clips, and 
simultaneously biaxially stretched under the conditions shown in 
Table 1. At first, it was stretched simultaneously biaxially in 

20 the machine direction and in the width direction in a 110 *C 
temperature zone (MD stretching 1 and TD stretching 1-1), and in 
succession stretched simultaneously biaxially in the machine 
direction and in the transverse direction in a temperature zone 
cooled to 75^ (MD stretching 2 and TD stretching 1-2) . Furthermore, 

25 it was simultaneously biaxially stretched in the machine direction 
and in the transverse direction in a 155*C temperature zone (MD 
stretching 2-2 and TD stretching 2-1), and finally stretched in 
the transverse direction only in a 190*0 temperature zone (TD 
stretching 2-2) . Then, as described for Example l f a 4;3 tfm thick 

30 biaxially oriented polyester film was obtained. 
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Table 1 shows the film production conditions, and Tables 2 
and 3 show the properties of the obtained film. As shown in Table 
3 # the obtained film was excellent in creep compliance, traveling 
durability, preservability , track deviation, maximum dimensional 
5 change width, processing suitability and electromagnetic 
conversion properties. 
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Examples 7 and 8 

As described for Example 1 , a cast laminate film was obtained. 
The cast film was stretched under the conditions shown in Table 4. 
At first, the cast film was heated and stretched in two stages in 
5 the machine direction with a group of heating rolls (surface 
material: silicone irubber) (MD stretching 1-1 and 1-2) , and cooled. 
The film was introduced into a stenter, being held at both the edges 
with clips and stretched in the transverse direction (TD stretching 
1-1) , and further stretched in the transverse direction at a small 

10 ratio (TD stretching 1-2). Furthermore, it was stretched in the 
machine direction by a longitudinal stretcher (MD stretching 2), 
stretched in the transverse direction by a stenter (TD stretching 
2), and heatset- treated and relaxation- treated. Then, as 
described for Example 1, 4.5 Mm thick biaxially oriented polyester 

15 films were obtained. 

Table 4 shows the film production conditions, and Tables 5 
and 6 show the properties of the obtained films. As shown in Table 
6, the obtained films were excellent in creep compliance, traveling 
durability, preservability , track deviation, maximum dimensional 

20 change width, processing suitability and electromagnetic 
conversion properties. 
Comparative Example 6 

A biaxially oriented polyester film was produced as described 
for Example 7, except that the stretching at a small ratio in the 

25 transverse direction (TD stretching 1-2) was not executed after the 
1 st stage stretching in the transverse direction (TD stretching 
1-1). 

Table 4 shows the film production conditions, and Tables 5 
and 6 show the properties of the obtained film. 
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Since the stretching at a small ratio in the transverse 
direction was insufficient and since the relaxation treatment was 
insufficient, any film in conformity with this invention could not 
be obtained. The obtained film was poor in traveling durability, 
5 preservability , track deviation, maximum dimensional change width 
and processing suitability. 
Examples 9 and 10 

Biaxially oriented polyester films were produced as described 
for Example 2, except that the same PET raw material as used in 

10 Example 1 was used in Example 9, and that the same PEN raw material 
as used in Example 4 was used while stretching at a small ratio in 
the transverse direction (TD stretching 1-2) was further executed 
after the 1 st stage stretching in the transverse direction (TD 
stretching 1-1) in Example 10. 

15 Table 4 shows the film production conditions, and Tables 5 

and 6 show the properties of the obtained films. As shown in Table 
6, the obtained films were excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 

20 conversion properties. 
Example 11 . 

A cast laminate film was obtained as described for Example 
6, and the 1 st stage stretching was executed by a simultaneously 
biaxial stenter (MD stretching 1 and TD stretching 1-1), and 

2 5 stretching at a small ratio in the transverse direction only was 
executed (TD stretching 1-2). Furthermore, the second 
simultaneous biaxial stretching (MD stretching 2 and TD stretching 
2) was executed, and heatset-treatment and relaxation treatment 
were executed. ■ , 
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Table 4 shows the film production conditions, and Tables 5 
and 6 show the properties of the obtained film. As shown in Table 
6, the obtained film was excellent in creep compliance, traveling 
durability, preservability , track deviation, maximum dimensional 
5 change width, processing suitability and electromagnetic 
conversion properties. 
Comparative Example 7 

A biaxially oriented polyester film was produced as described 
for Example 11, except that the stretching at a small ratio in the 

10 transverse direction (TD stretching 1-2) was not executed after the 
1 st stage simultaneous biaxial stretching (MD stretching 1 and TD 
stretching 1-1). 

Table 4 shows the film production conditions, and Tables 5 
and 6 show the properties of the obtained film. 

15 Since the stretching at a small ratio in the transverse 

direction was not executed, any film in conformity with this 
invention could not be obtained. The obtained film was poor in 
traveling durability, preservability, track deviation, maximum 
dimensional change width, processing suitability and 

20 electromagnetic conversion properties. 
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Example 12 

Pellets of PET- III (inherent viscosity 0.85) (50 wt%) and 
pellets of PEI ("Ultem" 1010 (registered trade mark of General 
Electric)) (50 wt%) were supplied into a vented double-screw 
5 kneading extruder heated to 280*0 , and the mixture was melt -extruded 
at a shear rate of 100 sec" 1 , taking a residence time of 1 minute, 
to obtain pellets containing 50 wt% of PEI. The obtained PEI- 
containing pellets and pellets of PET- IV (inherent viscosity 0.62, 
containing 0.4 wt% of spherical crosslinked polystyrene particles 

10 with an average size of 0.3 Urn) were dry-blended at a ratio of 20 : 
80. The blend was dried in vacuum at 180*0 for 3 hours, supplied 
into an extruder , melt -extruded at 280*0, and fed through. a fiber 
stainless steel filter (10 Mm cut) at a shear rate of 10 sec" 1 , and 
discharged as a sheet from a T die. The sheet was brought into 

15 contact with a cooling drum with a surface temperature of 25^ 
according to an electrostatic method using a tape-formed (0.04 mm 
thick, 7.2 mm wide) electrode, to be cooled and solidified, for 
obtaining a cast film containing 10 wt% of PEI. The cast film was 
stretched under the conditions shown in Table 7. At first, it was 

20 stretched in the machine direction using a longitudinal stretcher 
having several roles disposed, using the difference in peripheral 
speed of the rolls (MD stretching 1), and in succession stretched 
in the transverse direction by a stenter (TD stretching 1). 
Furthermore, it was stretched ih the machine direction for the 

25 second time by a roll longitudinal stretcher (MD stretching 2) , and 
stretched in the transverse direction for the second time by a 
stenter (TD stretching 2). Then, it was heatset-treated at 210^, 
and relaxation-treated at a relaxation rate of 2.2% in the 
transverse direction in a 120 *C cooling zone, further 

30 relaxation-treated at a relaxation rate of 1.0% in the transverse 
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direction in a 100*0 zone , then gradually cooled to room temperature , 
and wound. The film was adjusted to have a thickness of 5.5 Mm 
by adjusting the extrusion. The obtained film had a single Tg. 

Table 7 shows the film production conditions, and Tables 8 
5 and 9 show the properties of the obtained film. As shown in Table 
9 , the obtained film was excellent in creep compliance , traveling 
durability, preservability , track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 
conversion properties. 

10 Examples 13 and 14 

Biaxially oriented polyester films were produced as described 
for Example 12, except that PEN- III (inherent viscosity 0.67, 
containing 0.4 wt% of spherical crosslinked polystyrene particles 
with an average size of 0.3 Urn) and the same PEI as used in Example 

15 12 were dry-blended at a ratio of 90 : 10 for use as the raw material 
' in Example 13, and that the second stretching in the transverse 
direction (TD stretching 2) was not executed in Example 14. The 
obtained films had a single Tg respectively. 

Table 7 shows the film production conditions, and Tables 8 

20 and 9 show the properties of the obtained films. As shown in Table 
9, the obtained films were excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 
conversion properties. 

25 Comparative Examples 8-11 

A biaxially oriented polyester film was produced as described 
for Example 12, except that the PEI content was set at 3% by changing 
the dry blend ratio of the PEI -containing pellets and PET- IV in 
Comparative Example 8. A biaxially oriented polyester film was 

30 produced as described for Example 12, except that the PEI content 
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was set at 40% by changing the dry blend ratio of PEI -containing 
pellets and PET- IV in Comparative Example 9. A biaxially oriented 
polyester film was produced as described for Example 12 , except that 
a wire electrode (diameter 0.20 mm<t> ) was used instead of a tape 
5 electrode when the sheet was electrostatically brought into contact 
with the cooling drum in Comparative Example 10. A biaxially 
oriented polyester film was produced as described for Example 12, 
except that the relaxation- treatment was not executed in 
Comparative Example 11. All the obtained films had a single Tg 

10 respectively. 

Table 7 shows the film production conditions, and Tables 8 
and 9 show the properties of the obtained films. Any films in 
conformity with this invention could not be obtained. The obtained 
films were poor in traveling durability, preservability , track 

15 deviation, maximum dimensional change width and processing 
suitability. 
Example 15 

PET and PEI were kneaded as described for Example 12 , to obtain 
pellets (PET/PEI-I) containing 50 wt% of PEI. Extruders A and B were 

20 used. The extruder A heated to 280*0 was supplied with a dry blend 
(PET/PEI-II) consisting of PET/PEI-I and pellets of PET-V (inherent 
viscosity 0.73, containing 0.4 wt% of spherical crosslinked 
polystyrene particles with an average size of 0.3 ttm) at 20 : 80 
dried beforehand in vacuum at 180*0 for 3 hours, and the extruder 

25 B similarly heated to 280 O was supplied with a dry blend' 
(PET/PEI-III) consisting of PET/PEI-I and pellets of PET-VI 
(inherent viscosity 0.73, containing 1.0 wt% of spherical 
crosslinked polystyrene particles with an average size of 0.3 U 
m and 0.1 wt% of spherical crosslinked polystyrene particles with 

30 an average size of 0.8 i±m) at 20 : 80 dried beforehand in vacuum 
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at 180^ for 3 hours. The polymers were respectively fed through 
a fiber stainless steel filter (10 ttm cut) at a shear rate of 10 
sec" 1 and joined in a T die, then being electrostatically brought 
into contact with a cast drum with a surface temperature of 25*G, 
5 to be cooled and solidified, for obtaining a cast laminate film with 
a lamination thickness ratio of (PET/PEI-II ) / (PET/PEI-III ) = 14/1. 
This cast laminate film was processed as described for Example 12, 
except that it was stretched at a small ratio in the transverse 
direction (TD stretching 1-2) after it was stretched in the 1 st stage 
10 in the transverse direction (TD stretching 1-1), to obtain a 
biaxially oriented polyester film. The obtained film had a single 
Tg. 

Table 7 shows the film production conditions, and Tables 8 
and 9 show the properties of the obtained film. As shown in Table 
15 9, the obtained film was excellent in creep compliance, traveling 
durability, preservability , track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 
conversion properties. 
Example 16 

20 Extruders A and b were used. A biaxially oriented polyester 

film was produced as described for Example 15, except that a cast 
laminate film with a PEI content of 15 wt% was obtained by supplying 
the extruder A with a dry blend consisting of pellets of PEI and 
pellets of PEN- III at 15 : 85 dried beforehand in vacuum, and 

25 supplying the extruder B with pellets of PEI and pellets of PEN- IV 
(inherent viscosity 0.67, containing 1.0 wt% of spherical 
crosslinked polystyrene particles with an average size of 0.3 l± 
m and 0.1 wt% of spherical crosslinked polystyrene particles with 
an average size of 0.8 Mm) at 15 : 85 dried beforehand in vacuum. 

30 The obtained film had a single Tg. 
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Table 7 shows the film production conditions, and. Tables 8 
and 9 show the propertiies of the obtained film. As shown in Table 
9, the obtained film was excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
5 change width, processing suitability and electromagnetic 
conversion properties. 
Example 17 

As described for Example 12, a cast film containing 20 wt% 
of PEI was obtained. The cast film was stretched under the 

10 conditions shown in Table 7. At first, it was stretched in the 
machine direction using a longitudinal stretcher (MD stretching 
1-1), cooled, and stretched again in the machine direction (MD 
stretching 1-2) . In succession, it was stretched in the transverse 
direction by a s tenter (TD stretching 1) , stretched in the machine 

15 direction for the second time by a longitudinal" 3 roll stretcher (MD 
stretching 2), and stretched in the transverse direction for the 
second time by a stenter (TD stretching 2) . It was further 
heatset- treated at 209*0 and relaxation- treated at a relaxation 
rate of 2.3% in the transverse direction in a 123*0 cooling zone, 

20 further relaxation-treated at a relaxation rate of 0.9% in the 
transverse direction in a 105*0 zone, then gradually cooled to room 
temperature, and wound. The film was adjusted to have a thickness 
of 5.4 Um by adjusting the extrusion. The obtained film had a single 
Tg. 

25 Table 7 shows the film production conditions, and Tables 8 

and 9 show the properties of the obtained film. As shown in Table 
9, the obtained film was excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 

30 conversion properties. 
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Comparative Example 12 

A biaxially oriented polyester film was produced as described 
for Example 17, except that the stretching conditions were changed 
as shown in Table 7 and that the heat set- treatment and relaxation 
5 treatment were not executed. The obtained film had a single Tg. 

Table 7 shows the film production conditions, and Tables 8 
and 9 show the properties of the obtained film. Since heat set - 
treatment and relaxation treatment were insufficient, any film in 
conformity with this invention could not be obtained. The obtained 
10 film was poor in traveling durability, preservability , track 
deviation, maximum dimensional change width, processing 
suitability and electromagnetic conversion properties. 
Example 18 

A cast film was obtained as described for Example 12. It was 

15 introduced into a simultaneous biaxial s tenter, being held at both 
the edges with clips, and stretched simultaneously biaxially (MD 
stretching 1 and TD stretching 1) under the conditions shown in Table 
7. The film was stretched in the machine direction for the second 
time by a longitudinal roll stretcher (MD stretching 2), and 

20 stretched in the transverse direction for the second time by a 
stenter (TD stretching 2). It was heatset- treated at 215 T^, 
relaxation-treated at a relaxation rate of 2.1% in the transverse 
direction in a 120*0 zone, further relaxation-treated at a 
relaxation rate of 1.1% in the transverse direction in a 102*0 zone, 

25 then gradually cooled to room temperature, and wound. The film was 
adjusted to have a thickness of 5.2 Urn by adjusting the extrusion. 
The obtained film had a single Tg. 

Tabie 7 shows the film production conditions, and Tables 8 
and 9 show the properties of the obtained film. As shown in Table 

30 9, the obtained film was excellent in creep compliance, traveling 
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durability, preservability , track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 
conversion properties . 
Example 19 

5 As described for Example 12, a film was stretched, 

heatset- treated, relaxation-treated, gradually cooled and wound. 
The obtained film was heat-treated in a hot air oven adjusted to 
70*0 for 168 hours as a roll. 

Table 7 shows the film production conditions, and Tables 8 
10 and 9 show the properties of the obtained film. As shown in Table 
9, the obtained film was excellent in creep compliance, traveling 
durability, preservability, track deviation, maximum dimensional 
change width, processing suitability and electromagnetic 
conversion properties . 



55 



<D 
rH 



Heat treatment as 
roll 


Temperature 
Times (hrs) 
















70/168 * 












treatment 


8> 

a 
to 


Temperature 

relaxation 
rate (%) 


100/1.0 4 


105/0.5 


102/0.8 


CO 

o 

?? 

o 


108/1.0 


105/0.9 


102/1.1 


100/0.7 


100/0.5 


103/0.5 


100/0.2 






Relaxation 


« 
to 
a 


Temperature 

relaxation rate 
<%) 


120/2.2 


150/1.5 - 


120/2.0 


© 

Ci 
o 

CM 


123/2,1 


123/2.3 


120/2.1 


rz/ozt 


120/1.5 


128/2.4 


122/1.9 






Heatset 
temperature 


o 

CM 


*o 
cm 

CM 


o 

CM 


o 

CM 


tr> 

CM 


ON 


m 

CM 


o 

CM 


ON 


o 

CM 

CM 


o 

CM 


ON 




ching 2 


Ratio 
(times) 




vj 






CM 


co 


CM 


co 






CM 




co 


TD stret 


Temper 
ature 


o 

o> 


CM 

ON 




lO 

ON 


NO 
ON 


© 

On 


IT) 

OO 


o 

ON 


o 

On 


o 

CM 
CM 


o 

OO 


o 

On 


CM 

ON 


:hing 2 


Ratio 
(times) 


\q 


in 


r-- 


SO 


oq 




»n - 




00 


co 


<n 


in 




MD stret* 


2 _ 

■ # 


m 


R 


o 


m 


«" 


to 
to 


o 


$ 


m 
co 


m 
*n 


o 
m 




m 
in 




2 nd stage 
stretching 


Ratio 
(times) 








1.10 


1.10 


















ching 1 


Temperat 
ure 








o 


o 


















TD stret 


retching 


Ratio 
(times) 


.00 
CO 


CM 


© 


oq 
co 


co 


rr 

co 




co' 


>o 
co 


in 

co 


NO 

co 


vq 
co* 


CO 

co 




Ui 

ev> 
bo 
iS 


Temperat 
ure 


o 


O 


© 


CO 


CM 
CO 


110 


O 

co 
X 
o 

CO 

p 

m 


o 


in 


© 


on 


on 


o 




age 
hing 


Ratio 
(times) 












co 

CM* 












CM 
CM 


ching 1 


to O 
°* to 


tie 












1-H 


neous biaxi 












m 
O 

i— i 


MD stret 




Ratio 
(times) 


co 


CM 

co 


in 

co 


SO 

ro 


Tj- 

CO 


o 

CM 


Simulta 


in 

CO 


CO 


CO* 


in 

CO 


^- 

CO* . 


o 

CM 




l w sta 
stretch 


Me 


»o 


o 


to 


8 








in 


O 






m 

CO 


5Q 




PEI 


content 


o 


O 


O 


o 


m 


o 

CM 


o 


O 


CO 


o 


o 


o 


O 
CM 




Example 12 


Example 13 


Example 14 


Example 15 


Example 16 


Example 17 


Example 18 


Example 19 


Comparative 
Example 8 


Comparative 
' Example 9 


Comparative 
Example 10 


Comparative 
Example 11 


Comparative 
Example 12 



c 



O 



(0 



c 



0) 
M 
=> 

■M 
(0 
tH 
(D 
Q 



C 



c 



o 



VD 

m 



C -M M 

o o 

xj i-1 Cti 

0) « K 

<D <D CO 

C > 3 

£' C C 

o jo c 

a t-i <d 

£ Eh +J 

r-t 

D t) g 

a Q -H 



Humidity 
expansion 
coefficient 
MD/TD 
(*10 _6 /%) 


7.0/10.2 


11.3/7.2 


6.2/10.8 


4.6/10.1 


7.7/10.5 


4.9/9.7 


7.6/11.2 


6.5/9.8 


5.8/9.3 


9.2/15.8 


7.1/11.6 


8.5/13.5 


8.9/16.2 


Temperature 

expansion 
coefficient 
MD/TD 


. 5.1/12.3 


5.4/-5.0 


3.0/13.2 


3.5/12.1 


in 

CM 
1 

in 
i 


-3.0/13.2 


7.4/14.1 


4.1/13.5 


-2.5/5.5 


12.1/19.5 


7.2/13.8 


8.8/16.3 


9.3/20.2 


Thickness 
variation in 
machine 
direction 
(%) 


m 
t-t 


rH 
CM 


CM 
CO 


tn 

rH 


00 
CM 


CM 


r» 

CO 


CM 


tn 

CO 


rH 


m 
m 


CO 
VO 


VO 
^" 


Elastic 
modulus MD/TD 
(Gpa) 


6.1/4.7 


6.2/9.1 


6.6/4,1 


7.1/4.7. 


8.5/7.0 


CO 

r- 


CM 

co 
in 


6.1/4.3 


6.6/5.0 


4.9/3.5 


5.9/4.3 


iH 

m 
in 


6.4/3.8 


) lOOt: heat 
shrinkage 
(%) 


0.05 


0.10 


0.08 


0.05 


0.12 


0.03 


0.11 


0.03 


1.40 


0.09 


0.07 


0.57 


0.51 


Eh 




























Glass 
transition 
temperature 


in 

rH 


o 


ro 

fH 


m 

fH 


o 


co 

CM 


tn 

fH 


rH 


m 
o 


p- 
fO 


rH ■ 


ch 
o 


o\ 

rH 


TD/MD ■ 
dimensional 
change rate 
ratio 
(absolute 
value) 


0.17 


0.51 


0.45 


0.17 


0.50 


0.42 


0.62 


0.19 


0.57 


0.89 


0.72 


1.10 


1.54 


nensional 
ige rate 
(%) 


0.08 


0.27 


0.28 


0.05 


0.25 


0.07 


0.27 


0.04 


0.42 


0.48 


0.31 


0.39 


0.50 


*°. ^ 

Q O 
Eh 






























Example 12 


Example 13 


Example 14 


Example 15 


Example 16 


Example 17 


Example 18 


Example 19 


Comparative 
Example 8 


Comparative 
Example 9 


Comparative 
Example 10 


Comparative 
Example 11 


Comparative 
Example 12 



Electromagnetic 
conversion 
properties 


o 


o 


o 


O 


© 


© 


o 


© 


o 


X 


X 


X 


X 


Processing 
suitability 


o 


o 


o 


o 


o 


O 


o 


O 


X 


< 


X 


X 


X 


Maximum 
dimension change 
rate 
(Urn) 


o 

CM 


CM 


en 

CM 


o\ 

fH 


\0 

CM 


GO 
r-» 


CO 
CM 


tn 

r-t 


CM 

•*r 


CO i 

TT 


cn 


rH 

in 


o 


Track deviation 


VO 

o 


00 

© 


C\ 
O 


in 
o 


' f"* 
O 


in 
o 


. CO 

o 


o 


CM 
CM 


r- 

CM 


co 

rH 


, CO 
CM 


CO 


rvability 


o 


O 


o 


o 


o 


o 


o 


o 


■< 


X 


<3 


X 


X 


Prese 




























Traveling 
durability 


o 


O 


b 


o 


o 


o 


o 


o 


< 


X 


< 


X 


X 


Creep compliance 
MD/TD 
(Gpa" 1 ) 


0.27/0.40 


0.32/0.24 


0.24/0.43 


0.23/0.39 


0.28/0.30 


0.22/0.41 


0.29/0.45 


0.25/0.41 


0.26/0.39 


0.40/0.51 


o 
cn 

CM 
O 


0.37/0.46 


0.39/0.54 




Example 12 


Example 13 


Example 14 ' 


Example 15 


Example 16 


Example 17 


Example 18 


Example 19 


Comparative 
Example 8 


Comparative 
Example 9 


Comparative , 
Example 10 


Comparative 
Example 11 


Comparative 
Example 12 



00 

If) 



Comparative Example 13 

PET-VII (inherent viscosity 0.56 dl/g, containing 0.01 wt% 
of crosslinked silicone resin particles with an average particle 
size of 0.6 Mm and 0.3 wt% of alumina particles with an average 
5 particle size of 0.1 ttm) was dried at 170*0 for 3 hours, melt- 
extruded at 300*0, and quickly cooled and solidified on a cast drum 
kept at 25*0, to obtain a cast film. The cast film was preheated 
to 75*0, heated and stretched to 2.25 times between a low speed roll 
and a high speed roll, using an IR heater with a surface temperature 

10 of 830*0 located at 14 mm above, quickly cooled, in succession 
supplied into a stenter, and stretched to 3 . 6 times in the transverse 
direction at 110*0. Furthermore in succession, it was preheated 
to 110*0 , and stretched in the machine direction to 2.5 times between 
a low speed roll and a high speed roil, supplied further into a 

15 stenter, and heatset-treated at 240*0 for 2 seconds, to obtain a 
6.0 flm thick film. 

Tables 10 and 11 show the properties of the obtained film. 
Since no relaxation -treatment was executed, the heat shrinkage in 
the transverse direction was large. Any film in conformity with 

20 this invention could not be obtained. The obtained film was poor 
in traveling durability, preservability , track deviation, maximum 
dimensional change width, processing suitability and 
electromagnetic conversion properties. 
Comparative Example 14 

25 PEN-V (inherent viscosity 0.63 dl/g, containing 0.2 wt% of 

monodisperse silica particles with an average particle size of 0.1 
tt m -and 0.0151 wt% of calcium carbonate particles with an average 
particle size of 0.6 Mm) was dried at 180O for 5 hours, melt- 
extruded at 300*0, and quickly cooled and solidified on a cast drum 

30 kept at 60*0, to obtain a cast film. The cast film was stretched 
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in the machine direction to 5.2 times at 120*0 between two rolls 
different in speed, stretched to 4.3 times in the transverse 
direction by a stenter, and heat-treated at 220*0 for 15 seconds. 
Thus, a 6 Urn thick biaxially oriented film was obtained and wound. 
5 Tables 10 and 11 show the properties of the obtained film. 

Since no relaxation treatment was executed, the heat shrinkage_J_n 
the transverse direction was large. Any film in conformity with 
this invention could not be obtained. The obtained film was poor 
in traveling durability, preservability , track deviation, maximum 
10 dimensional change width, processing suitability and 
electromagnetic conversion properties. 
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Industrial Applicability 

The polyester film of this invention is small in track 
deviation and excellent in traveling durability and preservability , 
being very high in industrial value. 
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